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2The aim of this work is to demonstrate that instanton can be stabilized in nonperturbative vacuum and exist as a
stable topologically nontrivial eld conguration against the background of stochastic nonperturbative elds, which
are responsible for connement, and to nd quantitatively it's size. We evaluate nonlocal eective action for instanton
in NP vacuum in gauge invariant way, describing vacuum in terms of "vacuum correlators", and show that in bilocal
approximation eective action has a minimum at the denite instanton size 
c
. The value of 
c
is in functional
dependence on properties of bilocal correlator hG(x)(x; y)G(y)i, i.e. it depends on two parameters: hG
2
i { gluon
condensate and it's "measure of inhomogeneity " T
g
{ correlation length in the condensate.
II. GENERAL FORMALISM
The inuence of NP uctuations on instanton can be separated into two parts. First, perturbation theory undergoes
a change in NP background, which results in the change of standard one-loop renormalization of instanton action.
Second, a direct nonlocal interaction of instanton with NP background eld exists.











































































] = 1; a

is quantum
eld (expansion in a

reduces to perturbation theory, which in gluodynamics leads to asymptotic freedom); B

is nonperturbative background eld (with zero topological charge), which can be parametrized by gauge invariant
nonlocal vacuum averages of gluon eld strength
1
.































and d(B) is the measure of integration over NP elds, explicit form of which is not important for the following
consideration.
Expanding S[A] up to the second power in a
























































+ B] + S[A
inst
]g (6)




























] is a covariant derivative.
Integration over a and B in (5),(6) corresponds to averaging over elds that are responsible for the physics at dierent
scales. Integration over a

takes into account perturbative gluons and describes phenomena at small distances.
Averaging over B

(formally interaction with gluon condensate) accounts for phenomena at scales of connement












i, : : :
3It should be noted that in the limit of innite number of colors N
c





































] =   lnhZ
2










III. INTERACTION BETWEEN INSTANTON AND NONPERTURBATIVE VACUUM GLUON FIELDS































ensures embedding of instanton into SU (N
c
) group, b = 1; 2; : : :N
2
c








































The probability to nd an instanton is determined by the classical action functional S
cl




















; R), where dn is the dierential instanton density
dn(; x
0










































In the two-loop approximation in gluodynamics, the coupling constant g
2



































corresponds to the Pauli-Villars regularization scheme,   200 MeV.
Callan, Dashen and Gross [4] were rst to show that in a constant gauge eld instanton behaves as a colored four-
dimensional dipole. Shifman, Vainshtein and Zakharov [15] generalized this result to the case of interaction between a
small-size instanton,  < 0:2 fm, and nonperturbative long-wave uctuations that are described by the local vacuum
condensate hG
2
i. As a result, d
0
























Thus, we arrive at the well-known problem of the infrared ination of instantons in .
It was shown in [13, 14] that in NP vacuum standard perturbation theory for instantons changes, which results


























++  1GeV, where 0
++
is the lightest glueball. It follows from (18) that for small-size instantons















) ! const. Correspondingly, factor  ()
b
in (17) ceases to grow with the increase of . Next, large-size






 1 fm was considered in [14]. It's eld is weak compared to characteristic eld
strengths in gluon condensate hG
2
i, and it was considered as a perturbation in [14]. It was demonstrated that due to
instanton's nonlocal interaction with gluon condensate there is no infrared ination for  > 
0
.
We consider eect of NP elds on instanton not assuming that it's eld is weak (for arbitrary ), i.e. we evaluate
hZ
2
i. In this work we make use of the method of vacuum correlators, introduced in works of Dosch and Simonov [16].





















































is a parallel transporter, which ensures gauge
invariance. In many cases bilocal approximation appears to be suÆcient for qualitative and quantitative description
of various physical phenomena in QCD. Moreover, there are indications that corrections due to higher correlators are
small and amount to several percent [17].















































































=jzj = (x  y)












and, as it follows from normalization, D(0) +D(0) = 1.
Functions D(z) and D(z) have both perturbative and nonperturbative contributions. We will consider only nonper-
turbative part, because perturbative one has already been taken into account in S
P
e
. Most data about nonperturbative
components of these functions come from numerical simulations on lattice. Gluon condensate hG
2
i is also determined
from lattice calculations, but there exists a widely used estimate for this value based on charmonium spectrum analysis




[18]. According to the lattice data D(z) and D(z) are exponentially decreasing












is the gluonic correlation length, which was
measured on the lattice [19] and estimated analytically [20] to be T
g









=10). Lattice data from paper of Di Giacomo [21] are presented in Table I. SU (3) full stands
for chromodynamics with 4 quarks, while SU (2) and SU (3) quenched mean pure SU (2) and SU (3) gluodynamics,
respectively. Note, that hG
2
i = 0:87 GeV
4
for SU (3) full is in good agreement with more recent calculations based
on QCD sum rules [22].








SU(2) quenched 13 0.16
SU(3) quenched 5.92 0.22





























; : : :
Next, we modify expression (10) for S
NP
e
















5In bilocal approximation this is equivalent to a change of normalization of partition function
2
, which is not important
for the following consideration.



































+ : : : (22)








= 0 (instanton eld A
inst

satises it owing to the properties of 't Hooft
symbols) and taking into account that
S[A
inst












































































































































































(paramagnetic) for contributions (25) and (26) into interaction of
instanton with background eld. Physical motivation for this is discussed in detail in [14]. For the sake of simplicity















(x), and that allows us to substitute vacuum averages in (25)-(28)
with correlators.
The general form of the instanton eld is
A



























) is instanton eld in a xed (sin-
gular) gauge (11),(12). Inserting (29) into (25)-(28) and using representation (19) for gauge invariant condensate
2






x, which do not depend
on A
inst












































































































































































dD(x  y) + O(D) (33)
Thus we have obtained eective action for instanton in NP vacuum in bilocal approximation
3
. It can be seen from
numerical calculation that typical instanton size in QCD is 
c













i, and therefore classical instanton solution is not much deformed in the area
jxj < , which gives the main contribution to integrals (30)-(33).
The problem of asymptotic behavior of instanton solution far from the center jxj   was studied in detail in
Refs. [11, 24, 25]. Our numerical analysis shows that the value of 
c
is almost not aected by the asymptotic of
classical instanton solution provided that condensate hG
2
i and correlation length T
g
have reasonable values.




),   1=T
g
. D(z) is a monotonously
decreasing function with typical correlation length T
g
, and numerical calculations [26] show that explicit form of D(z)




) with exp( z) almost does not aect the value of 
c
.






). Certainly, exact instanton prole (i.e. prole that minimizes
action) is dierent from this one. Nevertheless, knowing the dependence of S
e
on  we will be able to make a
conclusion about instanton behavior (ination or stabilization) and to determine it's typical size in NP vacuum.


























































































































































































































































d is error function.
3
The tensor structure of instanton was used to derive (30)-(33).
7We studied asymptotic behavior of instanton eective action and it's dependence on dimensionless parameter













































































! const : (42)







). Thus, "diamagnetic" interaction of instanton
with NP elds leads to its infrared stabilization in size .
IV. DISCUSSION AND CONCLUSION
In this work we have studied instanton behavior in NP vacuum, which was parametrized with gauge invariant
vacuum averages of gluon eld strength. We have derived eective instanton action in bilocal approximation and
have shown that "diamagnetic" term S
dia
leads to IR stabilization of instanton. Numerical results for S
e
are plotted





) and corresponding lattice data [27] are presented in Fig. 2. All graphs are
normalized to the commonly accepted instanton density 1 fm
 4
. It should be mentioned that over the last years
the lattice results have not much converged (compare the recent conference [28]). Dierent groups roughly agree
on instantons size within a factor of two, e.g.  = 0:3 : : :0:6 fm for SU (3) gluodynamics. There is no agreement
at all concerning the density N=V . As a tendency, lattice studies give higher density and larger instantons than
phenomenologically assumed.
Using our model we nd for hG
2




= 0:22 fm that 
c
' 0:15 fm, which is less than phenomeno-
logical ( 0:3 fm) and lattice results. However, we can present physical arguments to explain these deviations. Lattice
calculations include cooling procedure, during which some lattice congurations of gluon eld are discarded. This
procedure can result in a change in gluon condensate hG
2
i, and thus instanton size distribution is calculated at a value








. Therefore, lattice data for average instanton
size  should be compared with our calculations for 
c
, performed at smaller values of hG
2





i for several values of T
g
in Fig. 3. One can see that increase of hG
2
i results in decrease of instanton
size, and that eect is a result of nonlocal "diamagnetic" interaction of instanton with NP elds. Fig. 4 shows 
c
as
a function of T
g
for several values of hG
2
i. The smaller T
g
, the larger instanton is. It is physically clear that less
correlated NP elds (T
g
! 0) have smaller inuence on instanton eld conguration, which occupies 4D euclidian
volume with characteristic size  (  T
g
). On the other hand, perturbative quantum uctuations tend to inate
instanton, and therefore 
c
increases with the decrease of T
g
. In full QCD (see Table I) we nd 
c
' 0:25 fm.
We did not go beyond bilocal approximation in this work. As mentioned above, this approximation is good
enough not only for qualitative, but also for quantitative (with accuracy of several percent [17]) description of some





)  0:15 : : :0:25 and 1=N
c
, and there powers grow in each term of cluster expansion. Moreover, we made an
estimate for the sum of leading terms in cluster expansion [26], and found that IR stabilization stays intact (
c
appears
to be a little smaller). Thus, proposed model describes physics of single instanton stabilization in NP vacuum, not
only qualitatively, but also quantitatively with rather good accuracy.
4
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FIG. 1: Eective action S
e
(). SU(3) full (solid line), SU(2) quenched (dotted line) and SU(3) quenched (dashed line)















FIG. 2: Instanton density dn=d
4
zd and lattice data [27].
SU(3) full (solid line), SU(2) quenched (dotted line) and SU(3) quenched (dashed line)
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= 4) at T
g
= 0:2 fm (dotted line), T
g
= 0:3 fm (dashed
line), T
g
= 0:34 fm (solid line)




















= 4) at hG
2








i = 1:0 GeV
4
(dashed line)
